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.
Abstract. The dependence of the resuits of total acidity determinations of humic acids (HA) by the
barite method on the quantitative Ba(OH)y/HA ratio has been shown. For a strongly acidic prepara-
tion of peat HA, an optimum ratioc was found: 65 mequiv of barium hydroxide per gram of HA. It
was established that when used, the results of the e&nalysis do not
depend on HA concentration in solution. It is conciuded that the determination conditions found here
are applicable to any HA preparations. However, when maximum values of total acidity are obtuined,

this proportion is

it is recommended that control analysiz be carried out at higher exceas Ba(OIZ)7 concentrations.
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Introduction

Humic acids are the products of natural
microbiological synthesis and form the main
part of organic substances in water and soil
media. Because of their specific chemical
structure (they are high molecular weight
aromatic polyoxypolycarboxylic acids) HA
readily interact with metal ions. However,
the quantitative description of this process
is a very complex problem [1—4] . The reason
for this is the polyelectrolyte nature of HA
excluding the application of classical ap-
proaches to the study of complexation in
the HA-metal system, which are based on
the derivation of stoichiometric equations of
the reactions. One of the must’ widespread
indirect methods for evaluating the ability of
HA to interact with metals is the determina-
tion of their total acidity which means the
total number of exchange protons per unit
mass of HA [1,5,7,8].

This characteristic is not universal, and its
value depends on the experimental method
of determination [9,10] because different
proportions of acidic protons in the polyele-
ctrolyte take part in the reaction depending
on kinetic or thermodynamic factors. In
spite of this, there are indications in the
literature that the values of total HA acidity
obtained by different methods are similar
[1,9]). Direct potentiometri¢ titration in an
aqueous medium is generally used for the de-
termination of acid groups content. Never-

theless, the use of this simple method for the
analysis of HA acidity involves the follow-
ing difficulties. HA titration curves do not
contain distinct inflection points and their
processing requires the plotting of statistical
models.

The use of different models leads to dif-
ferent results [1,8,9,11). The application of
potentiometric titration in non aqueous
media can improve curve quality only slightly
[1,56]. The authors of ref. [9] have success-
fully used calorimetric titration which makes
it possible to obtain curves with the only in-
flection point corresponding to total acidity.

However, the instrumentation for this
method is relatively complex, which prevents
its wide application. Methods for the de-
termination of total acidity from the increase
in methoxy groups content after methylation
with diazomethane have also been described
[1,6]. This procedure is evidently very
laborious and cannot be widely used.

Hence, the above methods of total acidity
determination are complicated as regard
either instrumentation or the processing of
results. Therefore, most authors prefer the
barite method [5,6,10,13] which is based on
back titration of excess barium hydroxide
remaining in solution after the removal of
humic acids in the form of an almost in-
soluble residue of barium humate. In this
case the titration curve of HA, the inter-
pretation of which is difficult, is replaced
by the titration curve of a strong base,
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Fig. 1. Typical IR specirum of isolated preparations of peat humic acids.

Ba(OH)z. This procedure is very simples and,
therefore, very widespread.

The artifacts of this procedure are usually
mentioned: possible excessive values of the
results and their scattering because of CO,
absorption [1] and incomplete precipitation
of barium fulvates when unfractionated pre-
parations are used [14]. Moreover, none of
the often cited papers dealing with the ap-
plication of the barite method to the de-
termination of HA total acidity [1,5,6] pre-
sent any grounds for the choice of quantita-
tive Ba(OH)z/HA ratios used. Thus, in the
most widespread method proposed in 1965 by
Schnitzer and Gupta [6], it is recommended
that 40—80 mequiv Ba(OH); per gram of
HA be taken for analysis. The present in-
vestigation was undertaken in order to de-
termine the significant this factor: the
quantitative reagent/HA ratio for the de-
termination of total acidity by the barite
method .

Experimental

HA preparations used for determinations were a
sum of humic and fulvic acids isolated by alcaline ex-
traction from sight peats of different origins and geo-
botanic compositions with the acid of & modified pro-
cedure [15]. In order to pressrve the water-soluble
HA fraction, the initia! stage of peat trestment with
not ‘water ‘was emitted. Powdered peat waz treated
with a bcnnnl-tthmol mixture {1:1), dried at 40-60'C,
and extrachd with 0.1 M NaOH. The alcaline extract
was domlnlraliud by pusin‘ through the H-form of

EKU- ? -8 pttion Qxf.hlnnr (pH of solutions ohhlnad by

this prquduh wu ‘3. 95-3.4). HA content In the
sluate was dnhrn;ined grnvlmctriully by mpornt.in[ of
a proehe uuquot quantity of the solution. For slemental
analysis and IR aspectroscopy, solid preparations were
obtained by evaporation of demineralized HA solutions

on a rotor evaporator followed by drying in a dissicutor
over P2Og to constant weight. Elemental composition
of HA preparations is given in Table 1. Their typical
IR spectrum is shown in Fig. 1,

For HA isolation 0.1 M NaOH was obtained by dis-
solving dry alkali (pure for analysis) in distilled water.

For titrations 0.2 M Ba(OH)3 solution was prepared by
dissolving a BaO feed in distilled water with subsequent
atorage for two or three days for carbonate precipita-
tion. In order to prepare the working solution, the
initial solution wuax powered from the precipitate,
filtered through a papsr filter {blue band) and diluted
with distilled water (without carbonate} to the required
concentration.

Carbonateless water was prepered by boiling distilled
water for one hour. It was stored in a vessel supplied
with a ecalcium chloride tube with asenrite.

Back titration waa carried out by using 0.0999 M
HCl "for volumae determinations” ("Baker Analyzed”
Reagent).

Potentiometric titration was performed with the
aid of a pH-240 device with atandard glass and calomel
electrodes.

The all investigations of the effect of the concentra-
tion ratic Ba(OH)2/HA on the resuits of total acidity

- determination were carried out by using an HA 7

preparation (Tables 1 and 2)

Table 1
Elemental composition of HA samples
Sample c H N (o] Ash content
1 3.6 5.0 2.0 51.0 11.1
2 48.8 5.0 2.4 43.7 1.9
3 49.4 4.9 2.3 43.4 3.0
4 50.2 4.8 1.1 43.9 3.3
5 50.2 4.9 1.9 43.0 4.1
] 49.7 5.0 2.1 43.2 1.6
7 50.1 4.8 2.1 43.0 1.4
8 50.7 4.7 2.5 42.1 2.1
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Table 2
Sampl HA concentration Total acidity, met:.]ui\ar-g"1 Total acidity*, mequ'n.v-g'1
-]
P in  solution, mg-ml-} Ba(OH),/HA = const Ba(OH)y/HA = var
1 1.4 £ 0.1 10.7 £ 1.0 8.4 1.0
2 2.2+£0.2 13.0 £ 1.5 6.0 £ 0.8
3 0.5+ 0.1 7.4 1.2 7.5+ 1.0
4 0.7+ 0.1 8.0 £ 2.0 7.6 £ 1.5
5 1.2 0.1 7.0+£1.0 6.0 £1.5
6 0.8 0.1 8.721.1 9.3 £1.0
7 2.1 +0.2 12,0 £ 0.6 7.6 £1.3
8 1.4 £ 0.1 8.5+ 0.5 6.8 + 0.6
* Values determined according to the procedure described in ref. [11].

Procedure of total acidity determination. An
aliquot quantity of HA solution (5 ml) containing
1-10 mg of the solid
a 25 ml glass vessel],
the solution with argon, the calculated almost of the
Ba(OH)s working solution was added, the vessel was
sealed, shaken, and left to stand at room temperature
for complete precipitation of barium humates and
fulvates. The precipitate was filtered of on a glass
filter (GF/F) and the vessel and the fiiter were ashed
with three portions of carbonateless distilled water.
The filtrate was combined with wash waters and
titrated potentiometrically with 0.1 M HClI. A blenk
determination wes carried -out - simultaneously for an
aliquot guantity of carbonateless water into which
the ssme mmount of Ba(OH)s had been added. Total
acidity was calculated according to ref. [5]
from the equation.

substance was placed in
air was buried out by bubbling

ta = Yo~VHAY
m

where TA is the total acidity, mequiw;‘l; VO is
the volume of HCl consumed for sample titration, mi;
N is the HCl and

concentration, mequiv -ml™ 1;

m is the mass of the HA solid substance in the aliquot.

quantity, g
Result and discussion

Two sets of experiments were carried
out to investigate the effect of Ba(OH)s/HA
quantitative ratios on the results of HA
total acidity determination by the barite
method: a) at a constant HA concentration
the excess amount of Ba(OH)s introduced
was varied, b) excess reagent amount was
constant and HA concentration was varied.

The aim of the first set of experiments
was to estimate the effect of reversibility of
barium humates and fulvates precipitation
on the determination. For this purpose the

aliqguot amounts of HA solution at the same
concentration were titrated by adding dif-
ferent quantities of Ba(OH);. Constant
volumes of solutions being titrated were en-
sured by adding the required amount of carb-
onateless distilled water. Blank experiments
with the same amount of the alkali were
performed simultaneously. The results can
be seen in Fig. 2.

This figure shows that when the quantity
of Ba(OH); used in the reaction ranges
from 30 to 65 mequiv-g-1"HA, the values
of total acidity are profoundly affected by
the excess amount of the reagent. Moreover,
it is possible to determine relhbl re~
producible values of HA total api{i?} only
after the concentration ratio of "85 mequiv of
Ba(OH)y per gram of HA has been attained.
The existence of this dependence is probably
due to the reversibility of barium humates
and fulvates precipitation.

TA, mequiv-g-1
15

b1 H

11

logv

Fi; 2. Effect of excess Ba(OH)2 on the determined

value of total aeidity (TA) 15 ml of HA solution at a

concentration of 0.4 ‘-1"1 + calculated quantity of

0.1 N Bu.(OH)2 + distilled water). » is the mequiv

of added Ba(OH), per gram of HA; a corresponda
to 856 mequiv' g -1,
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